the membranes were mounted on stainless-steel grids
the membranes were mounted on stainless-steel grids to allow the surface of the cultures to be exposed to air [11] . The cultures were incubated for an additional 14 days. Histological staining of cryosections of 3-weekold organotypic cultures of ES cells showed the reconstitution of skin, the morphology of which resembled an in vivo embryonic mouse skin epidermis ( Figure 2A) . A multilayered and differentiated epithelium was organized on the top compartment, and, more remarkably, a dermal bottom compartment was systematically observed underneath. The epidermal architecture appeared to be composed of a well-defined basal layer with a cuboidal cell shape and numerous suprabasal layers, including a stratum granulosum containing keratohyalin granules and a stratum corneum, seen as superposed layers of orthokeratotic (dead squame enucleated) cells at the top. An RT-PCR experiment performed with human-specific GAPDH primers ruled out the unlikely possibility that the dermal compartment was due to contaminating cells from HNF-derived matrix ( Figure 2B ). The normal morphological organization of the ESderived epidermis was also reflected in the regular expression and localization of differentiation markers, as analyzed by indirect immunofluorescent staining. As expected, cytokeratin 14-specific immunostaining decorated the basal compartment of the reconstituted epidermis but was negative for the other suprabasal layers ( Figure 3A) . Likewise, keratin-10 was present in all the differentiated layers, just above the K14-positive single basal layer ( Figure 3B ). The strong fluorescent staining observed within the stratum corneum was due to the nonspecific background of the secondary antibodies (not shown). Immunofluorescent staining with antibodies specific for corneodesmosin ( Figure 3C ) and filaggrin ( Figure 3D ), late markers of keratinocyte differentiation, the predominantly mesenchymal origin of the underlying cells ( Figure 3A) . The presence of fibroblasts has been To assess whether a basement membrane zone (BMZ) was found under the culture conditions used, the exlargely shown to improve epidermal differentiation, especially terminal differentiation [12]. pression of adhesion molecules was examined in the reconstituted skin with specific antibodies. As shown in
In agreement with the histology and immunofluorescence data, the ES-derived reconstituted skin displayed Figure 3 , all the components of the BMZ that we tested were present. Laminin-5, which is the major adhesion ultrastructural features of normal BMZ (Figure 4 ). Basal cells lie on a continuous BM with a distinct lamina lucida ligand secreted by the basal keratinocytes, was present at the dermal-epidermal junction ( Figure 3E ). The exand lamina densa and were regularly connected by desmosomes ( Figure 4A ). Hemidesmosome condensations pression of ␣6 and ␤4 integrin subunits, laminin-5's hemidesmosomal transmembrane receptors, was conthat were clearly visible were associated with cytoplasmic tonofilaments of keratins ( Figure 4B) . From fined to the basal cell layer along the epidermal-dermal junction (Figures 3F and 3G) . Laminin-1 ( Figure 3A, hemidesmosome-dense plates, anchoring filaments crossed the lamina lucida and reached the lamina densa, green), collagen IV, the major component of the BM (Figure 3B, green) , and the anchoring fibril component, where anchoring fibrils extended into the connective tissue. It should be noted that keratin filament bundles collagen VII (Figure 3H ), were deposited along the BMZ, as was fibronectin ( Figure 3I ).
were relatively rare. This confirmed an earlier report that stated that the ultrastructural organization of reconstituAlthough devoid of specific markers, dermal fibroblasts are the sole source of nidogen during the early ted skin occurs with some delay compared to the immunostaining of the major constituents [12]. stage of dermal-epidermal formation [12] . To document that the underlying cellular compartment was composed
The experiments described here demonstrate that the pluripotent ES cells can recapitulate many aspects of of fibroblasts, the sections were stained with antibodies specific for nidogen. Accordingly, nidogen fluorescence embryonic skin formation. Remarkably, they reproduced the dynamic and reciprocal induction of both ectoderbrane. Large areas of well-organized skin, representing about 1/5 of the total area, alternated with zones of mal (keratinocyte) and mesodermal (fibroblast) commitments to form, under appropriate conditions, a threeuncharacterized differentiated cells that did not organize into defined structures. Still, these mingled cells dimensional functional organ. This feature relies on a tightly balanced process of keratinocyte and fibroblast were able to undergo correct positioning to associate, within two separate compartments, in a tissue-like proliferation and terminal keratinocyte differentiation, which both occur during skin development [13]. Furtherstructure. A similar cell-sorting behavior has been recently described for interspersed populations of dermal more, synthesis, deposition, and structural organization of BM components occurred rather normally, comparafibroblasts and keratinocytes [14] . The molecular signals that underlie epithelial-mesenble with organotypic cultures of normal keratinocytes and fibroblasts. chymal interactions during skin development remain to be defined. The in vitro skin organogenesis described The matrix/ascorbate-induced ES cell population seeded on the inert membrane, although enriched in herein provides a model for studying these interactions, in particular those regulating early epidermal differentia-ES-derived keratinocytes, was heterogeneous. Accordingly, it is noteworthy that the ES-bioengineered skin tion and morphogenesis. It will constitute a powerful system to characterize, by using genetically modified was not continuously observed along the inert mem- 
